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February 2018 | Volume 6 | Issue 2 | Page 64 Chamba et al. (2014) cell death. The in vitro study of microbial count influenced due to organic acid is presented in Table 1 . The different forms of butyric acid at various levels studied by several authors showed divergent results of body weight gain, feed intake and feed efficiency (Table 2) . Table 3 shows that coated sodium butyrate (CSB), butyric acid glycerides (BAG) or butyric acid (BA) supplementation produces performance similar to antibiotic supplemented group indicating the ability to replace various feed antibiotics.
by supplementation of coated (0.09% and 0.18%) and uncoated sodium butyrate (0.03% and 0.06%), showed performance in terms of body weight gain, feed intake and FCR comparable to Oxytetracycline (50 ppm) supplemented group suggesting the capability to replace the antibiotic. Further, 0.18% coated sodium butyrate (CSB) reduced serum total cholesterol, LDL cholesterol and uric acid, increased serum sodium level, villi height, villi height to crypt depth ratio, villi height to villi width ratio of jejunum. In addition, both levels of CSB reduced duodenal pH, caecal Escherichia coli and Clostridium perfringens count determining that CSB can be a better antimicrobial agent than uncoated sodium butyrate.
eFFect on ph oF intestinAl digestA Supplementation of 0.6% BA reduces the pH of gastrointestinal segments such as crop, proventriculus, gizzard and duodenum (Panda et al., 2009) , whereas, ileal pH was not altered by addition of 0.3 % BAG (Mahdavi and Torki, 2009 ) and 0.03% coated SB (Czerwinski et al., 2012) in broiler ration. Similar comparable caecal pH was also recorded when 0.03 % fat coated SB (Smulikowska et al., 2009 ) and 0.1 % SB together with essential oil (Cerisuelo et al., 2014) were used in broiler ration.
eFFect on immunity
During the process pathogenesis, an interaction occurs between bacteria and host cells, where, butyrate down regulates expression of invasion genes and decreases the virulence of bacteria. . In addition to that, butyrate produces mucin glycoproteins in the intestinal epithelium and increase the defence barrier of colon mucosa (Leonel and Alvarez-Leite, 2012) .Butyrate increases serum globulin concentrations and lowers albumin to globulin ratio (Griminger, 1986) .Studies showed that, BAG at 0.4 % in broiler ration increased serum total protein, albumin and globulin (Ali et al., 2014) in normal and Eimeria maxima challenged-birds.SB at 0.1 % in broiler ration had no influence of serum total protein in healthy birds but in E.coli LPS challenged birds BA prevented the elevation of the serum total protein (Zhang et al., 2011a) .Unlike the above results, BAG supplementation at 0.3 (Mahdavi and Torki, 2009 ) and BA at 3.0 % (Kamal and Ragaa, 2014) did not influence serum total protein, but in the latter study, serum globulin level was significantly higher.
eFFect on serum protein And lipids BAG at 0.4 per cent in broiler ration significantly increased serum total protein, albumin and globulin (Ali et al., 2014) in normal and Eimeria maxima challenged-birds while SB at 0.1 per cent in broiler ration had no influence of serum total protein in healthy birds but in E.coli LPS challenged birds BA prevented the elevation of the serum total protein (Zhang et al., 2011a) . Unlike the above studies, BAG supplementation at 0.3 (Mahdavi and Torki, 2009 ) and BA at 3.0 per cent (Kamal and Ragaa, 2014) did not influence serum total protein, but in the latter study, serum globulin level was significantly higher.
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February 2018 | Volume 6 | Issue 2 | Page 65 Lakshmi and Sunder (2015) It is well known that acidifiers improve gut health by promoting the growth of beneficial bacteria while inhibiting the pathogenic bacteria. Beneficial bacteria like Lactobacillus sp. havehigh bile salt hydrolytic activity which is responsible for deconjugation of bile salts (Sarono, 2003) . Deconjugated bile acids are less soluble, hence less absorbed in the intestine and are more likely to excrete cholesterol and its fractionin faeces (Klaver and Van der meer, 1993) thus reduction of cholesterol accretion in the body. Previous work done by Taherpour et al. (2009 ), Jang (2011 ), Mansoub (2011a , Kamal and Ragaa (2014) and Deepa et al. (2017) showed reduced levels of serum total and LDL cholesterol without affecting HDL cholesterol level due to addition of various forms of BA. Similarly, serum triglyceride level was also found to be reduced when BAG was supplemented in broiler ration at 0.2 ( Jang, 2011; Mansoub, 2011a) and BA at 0.25 % (Dehghani-Tafti and Jahanian, 2016). Addition of 0.6 (Panda et al., 2009) , 0.3 % BA (Lakshmi and Sunder, 2015) in broiler chicken reduced the abdominal fat. While, it was not influenced by inclusion of 0.04 % microencapsulated SB (Zhang et al., 2011b) , 0.3 % protected BA (Mahdavi and Torki, 2009), 0.25 (Aghazadeh and Yazdi, 2012) and 0.2 % BAG ( Jang, 2011) .
eFFect on minerAl ABsorption
In general, acidification of feed increases calcium absorption in intestine by decreasing the pH of digesta, in turn inhibiting phytic acid from formation of calcium-phytate complex (Boling et al., 2000; Rafacz-Livingston et al., 2005) . Butyrate induces absorption of water and sodium (Friedel and Levine, 1992) . Earlier works with BAG supplemented at 0.3 (Mahdavi and Torki, 2009 ) and BA at 3.0 % (Adil et al., 2010; Kamal and Ragaa, 2014) in broiler ration increased serum calcium level. The latter authors also documented increased serum phosphorus (Adil et al., 2010; Kamal and Ragaa, 2014) and magnesium levels (Kamal and Ragaa, 2014).
AnticAtABolic eFFect
Elevated levels of serum ALT and AST indicates the deleterious effects of liver functions. BA supplementation at 3.0 % (Kamal and Ragaa, 2014; Adil et al., 2010) did not influence the serum Alanine Transaminase (ALT) and Aspartate Transaminase (AST) levels in broilers. In Eimeria maxima challenged-birds, inclusion of BAG at 0.4 % prevented the elevation of serum ALT and AST levels as found in positive control indicating that butyric acid, at times, have the protective effect over hepatocytes (Ali et al., 2014) .
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AntioxidAnt eFFect
Dietary inclusion of various forms of butyric acid increases serum superoxide dismutase(SOD) activity and decrease malanoldehyde (MDA) content suggesting enhanced the capacity of scavenging free radicals and decreased damage of tissues or cells. Catalase is one of the key defence systems against oxidative stress which is also found to be elevated due to inclusion of various forms of butyric acid. In a study by Zhang et al. (2011a) , at day 21, broiler birds supplemented with SB up to 0.1 % elevated serum SOD and catalase, while reduced serum MDA levels. Similarly, supplementation of 0.04 % microencapsulated SB inhibited stress due to corticosterone injection by enhanced catalase activity and decreased MDA level in breast muscle of broiler birds (Zhang et al., 2011b) .
eFFect on intestinAl integrity Frankiel et al. (1994) have shown that short chain fatty acid mixture infusions into the rat isolated caecum caused trophic effects in the jejunum mucosa. Further, an increase in the villus height and villus height to crypt depth ratio are directly correlated with increased epithelial cell turnover (Fan et al., 1997) and an indicator of activated intestinal villi function (Langhout et al., 1999; Shamoto and Yamauchi, 2000) and it also stimulates intestinal blood flow. In addition, butyrate of stimulates cell growth and differentiation of normal cells and apoptosis (early cell death) of tumour cells which represents'butyrate paradox' (Canani et al., 2011) .Previous studies showed increased jejunum villi height (Adil et al., 2010; Jerzsele et al., 2012; Chamba et al., 2014) , villi height to crypt depth ratio (Hu and Guo, 2007; Shahir et al., 2013) and comparable crypt depth (Hu and Guo, 2007; Adil et al., 2010; Smulikowska et al., 2009; Chamba et al., 2014; Sayrafi et al., 2011; Antongiovanni et al., 2007) by supplementation of different forms of butyric acid. Lakshmi and Sunder (2015) 0.25 Liver weight + Aghazadeh and Yazdi (2012) It is clear from the Table 4 that inclusion of BA in broiler diet improves the weight of carcass indicating anabolic effect in broiler chicken.
CONCLuSION
Butyric acid is thus known to have antimicrobial, anticatabolic and antioxidant effect together improving the lipid metabolism, mineral absorption and immune status of birds. It is also known to improve the carcass characteristics and overall performance of broiler birds. Among various sources of butyric acid, coated form of butyric acid overcomes the odour problems and produces desired outcome by enabling the butyric acid to reach entire gastrointestinal tract effectively.
